INTRODUCTION
============

Multiple myeloma (MM), a neoplasm of plasma cells, is the second most common B-cell malignancy in Western countries, accounting for more than 10% of hematologic malignancies in the United States.^[@R1]^ Each year, MM affects 4 to 5 per 100,000 individuals worldwide.^[@R2]^ The incidence of MM in Taiwan has also dramatically increased in recent years.^[@R3]^ Having undergone a paradigm shift with the routine use of immunomodulatory drugs and proteasome inhibitors as the standard of care for induction therapy, in combination with autologous hematopoietic stem cell transplantation as consolidation for eligible patients, the life expectancy of MM patients has been improved significantly over the last 2 decades.^[@R4]^ The Mayo Clinic estimated that the median survival of myeloma patients is 8 years, and improvements have occurred not only during the early stages of the disease but also throughout the disease course.^[@R5]^

Several studies have reported that this improvement in survival can be ascribed to the broader use of novel drugs and autologous stem cell transplantation.^[@R6]^ However, the impact of these interventions on early mortality is less well known. Kumar et al^[@R5]^ reported a high incidence of early mortality, in which approximately 25% of MM patients die within the 1st 3 years of their disease and 10% within the first year of diagnosis. Many of these patients, thus, cannot reap the benefits of novel antitumor therapies.

Current staging systems of MM are used for predicting overall survival. However, MM is a heterogeneous disease and the survival duration ranges from a few months to more than 10 years.^[@R7]^ Therefore, previous studies have identified several parameters as independent risk factors for predicting early mortality, instead of for predicting overall survival.^[@R8]--[@R10]^ Combined effects of active disease and comorbidity factors are also found to exacerbate early mortality in myeloma patients; however, they are not included in any of the myeloma scoring systems.^[@R10]^

There have been few studies or reports mentioning the incidence of early mortality, but no data are available for outlining factors for predicting early mortality of MM in Taiwan. In addition, neither such clinical randomized control trials nor large observational studies have been conducted. Moreover, since infection and renal failure are the leading causes of early mortality during induction therapy, accurate prediction by identifying prognostic features is urgently required.^[@R10]^ Therefore, it is very important to fully understand which factors contribute to early death in MM patients in order to identify risk groups of early mortality and optimize treatment accordingly. We therefore designed this large retrospective study to include patients newly diagnosed with symptomatic MM to examine this issue.

PATIENTS AND METHODS
====================

Study Population
----------------

This study includes consecutive patients who were newly diagnosed with symptomatic MM between January 1, 2002 and April 30, 2015 at Taipei Veterans General Hospital. Follow-up was continued to June 30, 2015. MM was diagnosed using commonly accepted criteria,^[@R11]^ and all patients received bone marrow biopsies. Patients diagnosed with solitary plasmacytomas and smoldering myeloma were excluded.

Laboratory Studies
------------------

Data collection was performed by reviewing medical records. Clinical characteristics, including age, sex, laboratory parameters including plasma cells of bone marrow, hemoglobin, platelets, serum albumin, corrected serum calcium,^[@R5]^ serum creatinine, lactate dehydrogenase (LDH) and β2-microglobulin (β2M), performance status according to the Eastern Cooperative Oncology Group (ECOG) performance score,^[@R12],[@R13]^ and diagnosis of primary plasma cell leukemia (PCL),^[@R14]^ were recorded at diagnosis. Cutoff values of serum hemoglobin, calcium, albumin, and β2M -- 10 g/dL, 12 mg/dL, 3.5 g/dL, and 5.5 mg/mL, respectively -- were chosen according to Durie--Salmon (DS) and International Staging System (ISS)^[@R7]^ criteria. Cutoff values of serum creatinine, platelets, and LDH were 2 mg/dL, 150,000/μ, and 250 U/L, respectively, which were correlated with early mortality in previous studies.^[@R10],[@R15]^ Primary PCL is linked to increased risk of early mortality.^[@R4],[@R14]^ The diagnosis of primary PCL is based upon the percentage (≥20%) and absolute number (≥2 × 10^9^/L) of plasma cells in the peripheral blood.^[@R14]^ Clinical stages were determined based on the ISS and DS staging systems.^[@R7]^

Treatment regiments composed of induction treatment and bisphosphonates were collected. According to Kumar et al^[@R8]^, improved survival in recent years is mostly coupled with the increased use of novel agents, including thalidomide, lenalidomide, and bortezomib, as part of initial therapy. In our study, the patients were grouped into 2 diagnosis-year strata: a group from 2002 to 2008 and 2009 to 2015. The cutoff value was chosen because payment of bortezomib has been reimbursed since 2009 in Taiwan for treating myeloma patients. Our primary endpoint was early mortality, defined as death within 60 days after diagnosis.^[@R10]^ Retrospective review of medical records was conducted in accordance with an institutional ethics committee in agreement with the Helsinki Declaration of 1975, revised in 2008. This study has been approved by the Institutional Review Board at Taipei Veterans General Hospital (no. 2015-05-001B).

Statistical Analysis
--------------------

Patients' demographic and clinical characteristics with and without early mortality are presented as the total number (n) and proportion (%). We used Chi-square tests or Fisher exact tests to compare between-group rates of death within 60 days. Data are presented as medians and interquartile ranges for skewed data.

Odds ratios (ORs) and the 95% confidence interval (CI) were calculated using logistic regression models. We used multivariate logistic regression models to calculate ORs while adjusting for possible independent confounding factors. All risk factors with *P* \< 0.1 in the univariate model were further entered into the multivariate analysis. To avoid immortal time bias, we used a multivariate Cox regression model with time-dependent variables to evaluate the effects of treatment on early mortality. Furthermore, this approach was used as sensitivity analysis for all-cause mortality within 30 days. Data management and all statistical analysis were performed using SAS 9.3 software (SAS Institute Inc., Cary, NC). All statistically significant levels were set at *P* \< 0.05.

RESULTS
=======

Clinical Characteristics of the Study Population
------------------------------------------------

A total of 460 patients with MM diagnosed between January 1, 2002 and April 30, 2015 at Taipei Veterans General Hospital were identified. Patients who were diagnosed with solitary plasmacytomas (n = 5) and smoldering myeloma (n = 4) were excluded. Finally, 451 MM patients were enrolled in the study. The flow chart of patient selection is shown in Figure [1](#F1){ref-type="fig"}. The median age was 71 (range, 60--78 years), and 66.3% were male. According to ISS, 14.1, 37.6, and 48.3% had stages I, II, and III, respectively. Regarding another commonly used risk stratification, the DS staging system, 28.7%, 25.3%, and 46.0% of the patients had stages I, II, and III. The treatment which the studied population received in 60 days after diagnosis was categorized into cytotoxic agents, thalidomide, and bortezomib, which were 30.6%, 24.8%, and 20.2% of 451 patients, respectively. There was no significant difference of treatment approaches utilized between the patients of early mortality and the other. Clinical characteristics are shown in Table [1](#T1){ref-type="table"}.

![Patient selection flow chart.](medi-94-e2305-g001){#F1}

###### 

Baseline Patient Characteristics of Multiple Myeloma Patients
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Features of Early Mortality
---------------------------

In this study, early mortality occurred in 57 (12.6%) of the myeloma patients. Compared with the nonearly-mortality myeloma patients, early-mortality patients had a higher probability of being male, having primary PCL, high plasma cells of BM, low hemoglobin, a low platelet count, low serum albumin, high corrected serum calcium, high serum creatinine, high LDH, high serum β2M, and high ISS stage (Table [1](#T1){ref-type="table"}).

Risk Factors of Early Mortality
-------------------------------

In the univariate analysis for age, sex, laboratory data, diagnosis year, primary PCL, and ECOG performance status, we found that being male, having primary PCL, plasma cells of BM ≥ 60%, hemoglobin \< 10.0 g/dL, platelets \< 150,000/μL, serum albumin \< 3.5 g/dL, corrected serum calcium ≥ 12 mg/dL, serum creatinine ≥ 2 mg/dL, LDH ≥ 250 U/L, serum β2M ≥ 5500 mg/L, and ECOG ≥ 2 were significant predictors for early mortality in patients with MM. In the multivariate analysis, only being male (adjusted OR 2.71, 95% CI 1.09--6.74), having primary PCL (adjusted OR 17.61, 95% CI 1.01--306.05), serum albumin \< 3.5 g/dL (adjusted OR 2.70, 95% CI 1.15--6.38), corrected serum calcium ≥ 12 mg/dL (adjusted OR 2.94, 95% CI 1.21--7.14), and LDH ≥ 250 U/L (adjusted OR 3.07, 95% CI 1.50--6.27) remained significant. The analysis is detailed in Table [2](#T2){ref-type="table"}. We further analyzed the effects of treatment on early mortality by using a Cox regression model with therapeutic regimens as time-dependent variables. Cytotoxic agents, bortezomib, thalidomide or lenalidomide, and bisphosphonates were not independent predictors of early mortality (Supplemental Table 1).

###### 

Univariate and Multivariate Analysis of Factors Associated With Early Mortality (60 days) in Patients With Multiple Myeloma
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Reasons for Early Mortality
---------------------------

Infection as the direct cause of early death occurred in 30 myeloma patients (52.6%) and contributed to death in nearly 65% of all cases (n = 37). Pneumonia directly caused death in 26 cases, accounting for 86% of the patients who died early of infection. Other infections related to early mortality included bacteremia (n = 4), urinary tract infections (n = 3), infectious colitis (n = 1), and intra-abdominal infections (n = 1). Although renal failure was documented as a direct cause of early mortality for only 2 cases, it, overall, was contributory to 24 early deaths, in which 21 cases (21 of 24, 87.5%) were associated with infections, and 17 patients (17 of 24, 70%) had chronic kidney disease upon diagnosis of myeloma. Bleeding occurred in 13 cases of early mortality: 10 of these involved gastrointestinal bleeding, 2 were pulmonary hemorrhage, and the remaining 1 was intracranial bleeding. Cardiac failure accounted for 8 cases (13%) of early death, and half of them (*n* = 4) had underlying congestive heart failure before myeloma diagnosis. Acute myocardial infarction was implicated in four patients (7%) and directly caused 3 early deaths. The causes of early mortality are shown in Figure [2](#F2){ref-type="fig"}.

![Contributing causes of early deaths (percentage of all deaths).](medi-94-e2305-g004){#F2}

Sensitivity Analysis
--------------------

We used a different definition of early mortality, 30-day mortality, for sensitivity analysis.^[@R8],[@R9],[@R16]^ The univariate analysis showed that being male, having primary PCL, platelets \< 150,000/μL, corrected serum calcium ≥ 12 mg/dL, serum creatinine ≥ 2 mg/dL, LDH ≥ 250 U/L, and ECOG ≥ 2 were significant variables. Being male (adjusted OR 4.49, 95% CI 1.17--17.28) and LDH ≥ 250 U/L (adjusted OR 3.83, 95% CI 1.52--9.62) remained significant predictors for 30-day mortality in the multivariate analysis (Supplemental Table 2).

DISCUSSION
==========

To the best of our knowledge, this is the 1st large cohort study to examine the risk factors associated with early mortality in patients newly diagnosed with MM in Asia, in which the diagnosis was also confirmed by thorough review of all records, and detailed information on disease characterization and primary treatment for individual patients was obtained. Our study reveals an increased risk of early mortality among male patients and those with low serum albumin, high corrected serum calcium, high LDH, and primary PCL, with an adjusted hazard ratio of 2.71, 2.70, 2.94, 3.07, and 17.61, respectively. Our results are in accordance with those from previous studies reporting on the association between early mortality and the serum level of albumin,^[@R8],[@R17]^ corrected calcium,^[@R5]^ and LDH.^[@R8],[@R9],[@R18]^

Despite advances in supportive care, we found that up to 12.6% of MM patients died within 60 days after diagnosis. Augustson et al^[@R10]^ analyzed myeloma patients enrolled in variable clinical trials between 1980 and 2002 and reported a 60-day early death rate of 10%, which reflects the strict enrollment criteria of clinical trials.^[@R5]^ Conversely, the population included in our study provides a better real-world view since our National Health Insurance system enables patients to access treatment at tertiary medical centers in a timely fashion.

The levels of serum albumin, creatinine, and LDH reflect disease severity in symptomatic MM.^[@R7],[@R19]^ Low serum albumin in MM is caused mainly by inflammatory cytokines, such as interleukin-6, secreted by the myeloma microenvironment.^[@R7],[@R20],[@R21]^ It also may reflect that myeloma patients who died early have a high degree of stress caused by severe infection, and impaired kidney and liver function.^[@R9]^ Increased LDH, which catalyzes the reversible transformation of pyruvate to lactate in the glycolysis pathway, denotes an aggressive disease and suggests a high proliferation rate and the presence of a tumor mass, in particular extramedullary and extraosseous disease.^[@R22]--[@R25]^ Several studies in the conventional chemotherapy era of myeloma treatment have shown that high LDH levels are associated with shorter overall survival.^[@R15],[@R22],[@R26],[@R27]^ Also in the era of novel therapy, LDH still has its impact on survival.^[@R23]^ Costa et al^[@R4]^ reported that being male is a significant factor associated with early mortality in MM patients. In our study, compared to female patients, male patients were older (*P* = 0.01), had lower serum albumin (*P* = 0.022), higher serum creatinine (*P* = 0.028), and more advanced ECOG stages (*P* = 0.043) when analyzed using a Chi-square test. Being male remained significant, with an even higher OR after adjusting for age, serum albumin, serum creatinine, and ECOG.

β2M was identified in several studies as a significant risk factor associated with early mortality in myeloma patients.^[@R8]--[@R10],[@R18]^ The serum concentration of β2M is related to not only renal function and disease burden but also other so-far-unknown parameters, possibly including immune function.^[@R7],[@R20],[@R28],[@R29]^ Our study also shows, in the univariate analysis, that serum β2M is a potential prognostic marker associated with early mortality (OR = 2.96, *P* = 0.001). After adjusting for serum creatinine, however, the bone marrow plasma cell percentage and β2M became insignificant predictors in the multivariate analysis.

Holmstrom et al^[@R9]^ reported on the trend of improved survival when comparing death within 180 days in the periods 2005 to 2008 and 2009 to 2012 (*P* = 0.08). Kumar et al^[@R8]^ demonstrated that the proportion of MM patients who died within the 1st year in the period 2006 to 2010 (10%) was significantly lower than that in 2001 to 2005 (16%) (*P* = 0.01).^[@R8]^ The better outcomes were coupled closely with the use of new agents as initial therapy.^[@R30]--[@R32]^ The year of diagnosis (2002--2008 vs 2009--2015) showed no significance in predicting early mortality in MM patients.

We further analyzed the potential impact of front-line therapies on early mortality and found that neither cytotoxic agents nor novel drugs were associated with early death. It is probably because such deaths occurred even before cytotoxic agents or immunomodulatory drugs achieved their maximal beneficial effect of reducing tumor load. Moreover, compared with the earlier group, the latter group had a higher bone marrow plasma cell percentage (*P* = 0.047), lower serum albumin (*P* = 0.011), higher ISS stages, and suffered from more comorbidities, including diabetes mellitus (*P* = 0.05) and renal disease (*P* = 0.025), based on Chi-square analysis. These characteristics are related to early mortality,^[@R5],[@R8],[@R9]^ and they may therefore mask the improved outcome of novel therapies. Some studies have shown that subsets of myeloma patients receiving bisphosphonates saw improved overall survival.^[@R33]--[@R35]^ Furthermore, Morgan et al^[@R36]^ reported that zoledronic acid reduced mortality by 16% compared to that of clodronic acid. However, our study shows that these treatments were not independent predictors of early mortality.

PCL, a rare form of clonal plasma cell dyscrasia but the most aggressive variant of the human monoclonal gammopathies, was diagnosed in 4 patients in our cohort (0.88%), which was much lower compared with those from the Western world.^[@R37],[@R38]^ A higher proportion of patients with PCL had significant leukocytosis, an elevated serum level of LDH and β2M than patients with MM.^[@R14]^ Costa et al^[@R4]^ reported that primary PCL is significantly linked to death within the 1st year after diagnosis. We also found that PCL was a risk factor for early mortality within 60 days, which might be explained by the above clinical features of PCL.

Our cohort found that pneumonia with other infections were the largest contributors to early death, followed by renal failure and cardiac failure, in myeloma patients, Teh et al^[@R39]^ found a bimodal peak in incidence of bacterial infection (4--6 and 70--72 months) following disease diagnosis, which coincides with progressive disease. It echoes the risk factors identified in this study that the more aggressiveness of the disease that is represented by PCL, LDH and albumin, and the higher incidence of infection-related early mortality. When a high-risk group is identified, much effort is required to target new approaches for prevention, early detection, and treatment of infections.

There is no consecutive definition for early mortality. Costa et al^[@R4]^ and Kumar et al^[@R5],[@R8]^ defined it as 1 year, Murakami et al^[@R18]^ as 6 months, and Holmstrom et al^[@R9]^ as 30 days. In our sensitivity analysis, after the multivariate analysis, being male and having LDH ≥ 250 U/L were significant predictors for 30-day death; however, serum albumin, corrected calcium, and primary PCL were insignificant.

Our study has some limitations. The timing of initiating cancer treatment and the drugs chosen as front-line therapy depend on the judgment of clinicians in charge and thus it is difficult to analyze the impact of treatment on the development of early mortality without confounding factors or bias. It means that the role of treatment in the early death of myeloma patients is inconclusive and further study is needed to clarify it. Moreover, we did not perform interphase fluorescent in situ hybridization (iFISH) for every patient to analyze the chromosomal abnormalities, which were identified as a key element for defining biological features of MM.^[@R40]^ And, therefore, we did not adopt the latest published suggestion regarding revised prognostic stratification for newly diagnosed myeloma patients.^[@R41]^ Another limitation is the lack of ability to draw firm conclusions from these data, which is due to the retrospective nature of this study. These associations between the identified clinical parameters in this study and early mortality remain consistent after adjusting for potentially confounding factors, suggesting an independent predictive value of these serum parameters at diagnosis. Careful assessment of patient and disease characteristics, adjustment for known confounding factors, and sensitivity analysis produce a stable effect value. Nevertheless, it is impossible to completely exclude residual confounders in our study setting.

CONCLUSION
==========

Despite the development of targeted novel therapies, MM remains incurable and significantly variable in regards to survival time due to tumor biology. It is important to find the prognostic factors and risk stratification to define treatment strategies. We herein identified the risk factors of early mortality, including being male (adjusted OR 2.71), having primary PCL (adjusted OR 17.61), serum albumin \< 3.5 g/dL (adjusted OR 2.70), corrected serum calcium ≥ 12 mg/dL (adjusted OR 2.94), and LDH ≥ 250 U/L (adjusted OR 3.07), which highlights the inadequacy of the current prognostic system on the issue of early death of MM patients. Of great importance, infection contributes almost two thirds of early mortality, reflecting the immunoparesis nature of myeloma. Early intervention with antimicrobiological prophylaxis, as well as use of intravenous immunoglobulin at the very beginning of infection, should therefore be seriously considered for high-risk patients. However, more solid evidence from prospective studies is needed to support this point.

Supplementary Material
======================

###### Supplemental Digital Content

The authors thank Taipei Veterans General Hospital (V104B-023), the Taiwan Clinical Oncology Research Foundation, the Szu-Yuan Research Foundation of Internal Medicine, and the Chong Hin Loon Memorial Cancer and Biotherapy Research Center, National Yang-Ming University for the support. The funding sources had no role in the study design or conduct, or in the decision to submit it for publication.

Abbreviations: β2M = β2-microglobulin, CI = confidence interval, DS = Durie--Salmon, ECOG = Eastern Cooperative Oncology Group, IQR = interquartile range, ISS = International Staging System, LDH = lactate dehydrogenase, MM = multiple myeloma, OR = odds ratio, PCL = plasma cell leukemia.

HP and C-JL had full access to all of the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. HP, Y-CL, and C-JL designed the study. C-MY, T-WL, and C-JL acquired the data and performed statistical analysis. A-SK, C-JT, H-HW, T-JC, and C-HT provided the final interpretation of the results. HP, T-WL, and C-JL drafted the manuscript. C-JT, H-HW, V-YS, Y-TC, S-HC, and L-YH made critical revisions to the manuscript for important intellectual content. C-MY, T-JC, and C-HT provided administrative, technical, and material support. T-JC, C-HT, and C-JL were the study supervisors. C-JL and Y-CL act as guarantors and accept responsibility for the integrity of the work as a whole. All authors have read and approved the final manuscript.

This study was supported by grants from Taipei Veterans General Hospital (V104B-023), the Taiwan Clinical Oncology Research Foundation, the Szu-Yuan Research Foundation of Internal Medicine, and the Chong Hin Loon Memorial Cancer and Biotherapy Research Center, National Yang-Ming University.

The funding sources had no role in the study design or conduct, or in the decision to submit it for publication

The authors have no conflicts of interest to disclose.
